Introduction
Over the past decade transition metal complexes of boron have become established as the fourth class of compounds made up by direct metal-boron interactions. In contrast to the other three major groups in this area i. e. borides, metallaboranes, and -complexes with boron-containing ligands, transition metal complexes of boron are characterised by electron-precise two-centre two-electron bonds between boron and the metal centre [1] . Most of these compounds are derived from monoboranes, but diboranes(4) also play an important role in the chemistry of these complexes. With strongly electronegative groups RO À [2] and F À [3] as substituents to both boron atoms the corresponding diboranes(4) generally react with cleavage 0932-0776/02/0500-0483 $ 06.00 c 2002 Verlag der Zeitschrift für Naturforschung, Tübingen Á www.znaturforsch.com K of the boron-boron bond and oxidative addition to suitable metal centres, thus forming products with one to three borylligands. The use of 1,2-diaminodihalodiboranes(4) and anionic transition metal complexes, however, has led to the first diborane(4)yl complexes [Cl(Me 2 N)B-B(NMe 2 )- [5] , which were obtained via salt elimination reactions (Fig. 1) [6] . Although the reactivity of related boryl complexes L x M-BR 2 is well established [1] , there is no informa-tion as yet about reactions of diborane(4)yl complexes.
In the present paper we report on the synthesis and spectroscopic characterisation of further diborane(4)yl complexes of group VI metals and on the first reactivity studies leading to new derivatives of such compounds.
Results and Discussion

Synthesis and Characterisation of Diborane(4)yl Complexes
According to eq. All complexes were isolated as yellow or red crystalline solids, which are soluble in common aliphatic and aromatic solvents. The corresponding solutions can be stored for prolonged periods without significant signs of degradation. The yields of 5 -9 range from 8% (9) to 52% (6) and obviously correspond to the reactivity of the starting diborane, i. e. 1,2-dibromodiboranes(4) give considerably better results than 1,2-dichlorodiboranes(4). The formation of (boryloxy)carbyne rather than diborane(4)yl complexes has been observed before, and accounts for the potentially nucleophilic character of the CO oxygen atom in [( [7] . However, even in the case of lower yields the inspection of the reaction mixtures provided no evidence for the formation of boryloxy compounds as possible side products. All new complexes were characterised in solution by IR and multinuclear NMR spectroscopy. They show characteristically deshielded 11 B NMR resonances ( 11 B = 65.4 (5), 65.9 (6), 62.7 (7), 63.2 (8), 60.2 (9)) for the metal coordinated boron atoms with respect to those of the starting materials, while the resonances for the halide substituted boron atoms range from 11 B = 38.0 to 40.0, thus matching those of the non-coordinated diboranes(4). The complexes 5 -8 show four signals for the dimethylamino ligands in the 1 H and 13 C NMR spectra, thus giving clear evidence for a restricted rotation with respect to both boron-nitrogen double bonds [4, 5] . Corresponding 1 H NMR signals for the more complex pyrrolidino groups in 9 could not be resolved. The presence of eight signals in the 13 C NMR spectrum ranging from = 25.46 to 55.76, however, indicates the same situation with respect to the two boron-nitrogen bonds. All five compounds show three very similar CO-stretching frequencies in the IR spectra ranging from = 1883 to 1989 cm À1 , which match those of the structurally characterised tungsten diborane(4)yl complex 2 ( = 1892, 1908, and 1988 cm À1 ), thus giving no evidence for a metal-boron -backbonding [4, 5] .
Reactivity Studies
In order to investigate some reactions of diboran (4) The substitution of the boron bound halides by methoxy groups according to eq. (2) was achieved by simply dissolving 1 and 4, respectively, in methanol. The new diborane(4)yl complexes 10 and 11 were obtained in good yields of 74% and 68%, respectively, as yellow, amorphous solids.
The compounds were characterised in solution by IR and multinuclear NMR spectroscopy. As expected, the substitution of halide by methoxide reults in a significant high field shift of the 11 The formation of such complexes is well known from the corresponding reactions of boryl complexes with protic reagents and is due to the facile cleavage of the labile metal-boron bond [1, 8] .
In addition to substitution reactions at the diborane (4) 
